Abstract. Based on Monod equation this paper establishes a new BOD kinetic model-Monod-BOD model which can fit well with the data tested from BOD 5 respirometric measurement. Comparisons with the Residual Sum of Squares (RSS), correlation index and Model Selection Criterion (MSC) between the two models show that Monod-BOD is superior to the first order kinetic model. The paired-sample sign test method was used with α =0.001(n=17) and Ar=3, the results show clearly that all the three items have significant differences. The Monod-BOD can be used to depict the organics degrading process in municipal sewage measurement.
Introduction
Data deviation sometimes occurs when we use the first order kinetic model which is often used in BOD kinetics. The error produced by the first order kinetic curve is comparatively small when we calculate the total wastewater oxygen demand by using the five days test data, while it will be much bigger in forecasting short term BOD degradative process [1 ] . Therefore the BOD 5 value and its parameters can not be obtained with standard method in normal circumstances. For a model study of waste water degradation it is not enough by only paying attention to BOD 5 value while not considering the influences of kinetic parameters [2] . In the 40's of last century, Mr. J. Monod cultivated purebred fungus with pure substrate and brought up the Monod equation. The Monod equation was not based on a certain theory, but it agreed with experimental data and hence become more widely adopted in wastewater biological treatment. As a basic constitutional form, Monod equation is widely used in Activated Sludge Models (ASMs), but unfortunately it is rarely used in BOD kinetics [3] . Apparently it is necessary to study intensely the degradation process of BOD which is an easy being degraded substrate. And in this paper we will structure a BOD kinetic model based on the Monod equation.
Method and Monod-BOD Model

BOD Test Method
The respirometric method for BOD test was used in this research. BOD apparatus used in experiment: WTW-OXiTop100. Wastewater used in experiment was municipal sewage.
Structuring Monod-BOD Model
Usually the Monod equation is expressed as follows:
Where: µ -organism specific growth rate (d 
For a stable system y 0 and µ max are constants, suppose k=µ max / y 0 , (k is the maximum specific substrate degrading rate). So the normal differential Monod formula is obtained:
In a test system mainly for organic substance degrading, the microbe concentration is usually not very high (BOD 5 standard measuring method requires a lower bacterization concentration), so once in a suitable condition the organics degrading by bacteria will cause the biomass increasing. The biomass concentration at any time is:
Since the original biomass concentration is lower, there will be a distinct biomass increasing in BOD 5 measurement. Therefore whining 5 days the rate of endogenous respiration K d can be taken as zero, then the Monod equation depicting BOD 5 degradation can be expressed as follows:
Where: X 0 -original biomass concentration, mg/L; S 0 -original substrate concentration, calculated by BOD 5 , then S 0 =BOD 5 , mg/L; y 0 (S 0 -S)-transform ability the substrate turn into microbe, mg/L. In contrast to oxygen consumption keeping increasing in BOD measurement, equation (5) is a curve showing BOD keeping decreasing, for s stands for the substrate concentration in any time and it keeps decreasing. In order to make the two reconcilability for each other, we let:
Where: B-decrement of BOD at a certain time, mg/L. Substitute (6) into (5), the equation (7) is the one we called Monod-BOD model:
Determination of Model Parameters
There are 5 parameters in equation (7). In order to make the curve fitting easier, the value of X 0 can be taken as ASM model recommended, i.e. active heterotrophic organisms in wastewater accounting about 0.15 of the particulate organic matter [4] . If the particulate in water inlet are mainly SS, while SS in tested wastewater is usually about 200mg/L, then we take X 0 30mg/L. Though parameter sensitivity analysis shows that at the beginning the variation of X 0 concentration makes little influence to the model, a proper increasing of X 0 will lessen hysteresis phenomena in BOD reaction. The BOD 5 measurement in high bacterization concentration refer to [5] .Similarly the recommending value of y 0 is 0.5~0.7mg microbe per 1mg of substrate. Thus the model parameters to be regression analyzed are simplified to three ones: k, K s and S 0 . S 0 is the BOD 5 we measured in the system. K, standing for degrading speed, is a key factor to control reaction speed. An easy degraded organics has a bigger value, while not easy ones a small values. And another parameter K s has a contrary effect on degrading: the smaller the K s , the more easier the degrading. For k and Ks, since ASM model takes COD unit there is no rigorous correspondence with the parameters in ASM model. Firstly we collected 17 water samples and measured their BOD 5 values, then we made respectively regression fitting analyses for the two models, and got the parameter S 0 , k and K s . Comparing their residual sum of squares (RSS), correlation index and model selection criterion (MSC) [6] , we judged their applicability. The calculations are as follows: The smaller the RSS and the bigger the MSC as well as the nearer to 1 the correlation index, then the better the regression and the model applicability. From the comparison shown in Tab.1 it is clearly that for all the three items the results of Monod-BOD are better than those of the first order kinetic model. If we use paired-sample sign test method with α =0.001(n=17) and Ar=3, the result show that all the three items have significant differences.
Comparison between Monod-BOD and First Order Kinetic Equation
Conclusions
Monod-BOD Model established in this research is able to fit well the BOD 5 data obtained from respirometric test. It can be used in the study of BOD degrading, and furthermore, it is more accurate than the widely used first order kinetic model. There are more parameters in Monod-BOD Model and it will take more time in regression analysis, but since computer running speed keeps increasing, calculating and analyzing will not become restrict factor. From now on a new research subject is how to quickly predict the BOD 5 using Monod-BOD Model and the available data.
